The sporulation-specific glucoamylase (SGA) of Saccharomyces diastaticus is known to be produced in the cytoplasm during sporulation. For the purpose of proving that SGA has secretory potential, we constructed a hybrid plasmid, pYESC25, containing the promoter and the putative signal sequence of the SGA fused in frame to the endo-1,4-b-D-glucanase (CMCase) gene of Bacillus subtilis without its own signal sequence. The recipient yeast strain of S. diastaticus YIY345 was transformed with the hybrid plasmid. CMCase secretion from S. diastaticus harboring pYESC25 into culture medium was confirmed by the formation of yellowish halos around transformants after staining with Congo red on a CMC agar plate. The transformant culture was fractionated to the extracellular, periplasmic, and intracellular fraction, followed by the measurement of CMCase activity. About 63% and 13% enzyme activity were detected in the culture supernatant (extracellular fraction) and periplasmic fraction, respectively. Furthermore, ConA-Sepharose chromatography, native gel electrophoresis, and activity staining revealed that CMCase produced in yeast was glycosylated and its molecular weight was larger than that of the unglycosylated form from B. subtilis. Taking these findings together, SGA has the potential of secretion to culture medium, and the putative signal sequence of SGA can efficiently direct bacterial CMCase to the yeast secretion pathway.
Introduction
Eukaryotic cells synthesize many different proteins, each of which must reach a specific intracellular location or extracellular location to perform its function. Some proteins are transported to specific membrane-bound organelles. The proteins transported to extracellular location have a signal sequence directing proteins to their target sites, which is usually a short stretch of amino acids at the NH-terminus of the protein itself [17] .
Signal sequences target nascent polypeptides to lumen of endoplasmic reticulum, a component of the secretion pathway. There are three distinctive structures of signal peptides from various proteins; a positively charged n-region, followed by a hydrophobic h-region and a neutral but polar c-region. The (-3,-1)-rule states that small and neutral amino acid residues should be at -3 and -1 position for correct cleavage [10] .
During meiosis in Saccharomyces cerevisiae and Saccharomyces diastaticus, the polysaccharide, glycogen is first synthesized and then degraded during the period of spore maturation. Sporulation-specific glucoamylase (SGA) is responsible for the glycogen catabolism [1] . This enzyme has been regarded as an intracellular enzyme, because the enzyme is detected in the intracellular region during sporulation. Other groups reported that the SGA is glycosylated and compartmented in cell organelle, vacuole. This result suggested that the SGA may contain the signal sequence for entry into the secretion pathway of the cell [6, 12, 13] .
We have previously cloned the SGA gene from S. diastaticus and expressed it in vegetative stage [4] . Moreover, we purified and characterized the SGA from the transformant cell harboring the SGA gene [5] . We found that the major proportion of enzyme activity was detected in extracellular region. This suggests that the SGA has secretion potential. To assess the signal sequence of the SGA, we tried several times N-terminal amino acid sequencing with the purified SGA enzyme. But we could not get the data because N-terminal amino acid was blocked.
We used another approach to prove that the SGA has the signal sequence. In this paper, we constructed a hybrid plasmid containing the SGA promoter and nucleotide sequences encoding putative signal peptide fused to Bacillus subtilis endo-1,4-β-D-glucanase (CMCase) gene lacking its own promoter and signal sequence, and monitored localization of CMCase activity and the extent of glycosylation.
Materials and Methods
Bacterial strains culture media Prediction of SGA signal sequence Thirty amino acid residues of N-terminal SGA were analyzed to identify a signal sequence in the SGA using TatP CMCase activity assay
The CMCase activity was determined by measuring the release of reducing ends from CMC substrate by dinitrosalicylic acid (DNS) method [9] . The reaction mixture contained 0.5 ml of appropriately diluted enzyme solution and 0.5 ml of 1% CMC in 0.05 M citrate buffer, pH 5.5. After the incubation for 30 min at 60℃, 3 ml DNS solution was added, and boiled for 5 min. The absorbance was measured at 550 nm. One unit of enzyme activity corresponded to 1 μmole of glucose equivalents liberated per min from CMC.
ConA-Sepharose affinity chromatography
The fractionated solutions were applied to a ConASepharose column (1.0×5 cm) equilibrated with 10 mM potassium phosphate buffer (pH 7.0) containing 0.5 M KCl.
After the column was washed with the same buffer, the enzyme was eluted with 0.25 M methyl-α-D-mannoside in the same buffer and its CMCase activity was measured.
Native gel electrophoresis
Polyacrylamide gel electrophoresis was performed in 9% polyacrylamide gel in the absence of SDS as described by Laemmli [11] . Enzyme samples (10 μl) were applied to the gel and electrophoresis was conducted at room temperature at a constant current of 40 mA for 2 hr. Upon completion of electrophoresis, the gels were submerged in 50 mM citrate buffer (pH 5.5) for 30 min. The equilibrated gel was blotted on CMC agar replica containing 0.5 % CMC and 1 % agarose in 50 mM citrate buffer (pH 5.5) and then incubated at 40℃ for 1 hr. The CMC agar replica was stained with Congo red solution (0.5 mg/ml) for 30 min to visualize light yellowish activity bands [14] .
Results and Discussion
Construction of hybrid plasmid S-score, C-score and Y-score analysis of 30 N-terminal amino acids showed that S-sore gradually increased to maximal value at the 10th Lys and then decreased to the lowest value at the 25th Leu (data not shown), and the 25th Leu had the highest C-score of 0.665 and Y-score of 0.439 (Fig.   1 ). These analyses strongly suggest that most likely signal sequence cleavage site is between the 24th Ala and the 25th The numbering of the amino acid residues begins at the translation initiation codon, methionine. The signal sequence cleavage site predicted by cleavage probabilities is between the 24th Ala and the 25th Leu. Leu and the signal peptide of the SGA consists of 24-amino acid residues [10] . Moreover, the Ala at the 22nd and the 24th codon are consistent with the (-3, -1) rule [18] . 
Secretion and glycosylation of Bacillus CMCase
When transformants containing the pYSC25 were grown on YNBD plate containing 1% CMC and stained with Congo red, the yellowish halos were shown around the colonies (Fig. 4B ). These halos indicate that the CMCase was secreted into culture medium by the aid of the signal sequence of the SGA. However, there were no halos around host strain, S. diastaticus YIY345 (Fig. 4A ).
To assay CMCase activity in the different cellular regions, we cultured transformant cells in 200 ml of YPD broth and then fractionated culture into extracellular, periplasmic and cytoplasmic CMCase according to the methods described in Materials and Methods. First, these prepared enzyme solutions (20 μl) were loaded in wells on agar plates containing The enzyme activity of each region was shown in Table 1 .
The total activity was lower than expected, which may be due to the weak promoter activity of the SGA gene. (Table 1) .
This implies that yeast CMCase was glycosylated and putative SGA signal sequence functions in targeting bacterial
CMCase to ER, the first step of yeast secretion pathway.
For the comparison of molecular size of glycosylated The degree of glycosylation was verified by Con-A Sepharose affinity chromatography and CMCase activity assay of flow-through and eluted fraction. reported to be 33 kDa [11] . Cytoplasmic CMCase was partly glycosylated and the size of MW was similar to bacterial CMCase ( Fig. 5 . left lower arrow).
In conclusion, we proved that the SGA has secretory potential in that bacterial CMCase directed by the putative 
